Methods of Assessing Physical Stress at Work
The need to assess the physical stresses imposed on the body during work arises when one is analysing the mechanism of injury or assessing the capacity of the individual for work after rehabilitation. It also arises when one is distinguishing the jobs which involve heavy manual work from those which are light.
The simplest way to categorize occupations by the physical stresses involved is to classify them in a series of 5 or 6 grades from 'sedentary' to 'constant heavy lifting'. However, this is not satisfactory as it is generally imprecise and presupposes that the magnitude of weights and the frequency with which they are handled are directly related. Work study practitioners use similar grades, but when calculating allowances for recovery from physiological and psychological stress they take into separate account the magnitude of the loads handled, the duration of effort involved and the level of energy expenditure (Larkin 1969) . For assessment of physical stress as such, other factors such as posture have to be considered if the assessment is to be mechanically comprehensive.
A number of authors have attempted to classify occupations taking these factors into account (Hughes 1949, unpublished; Archibald & Hesketh 1956, unpublished; Roantree 1963; Troup et al. 1970) , but the results are of limited application. Even when each individual's physical activities are precisely determined, they do not permit the actual stresses induced in a particular joint or muscle to be estimated unless much additional information is available. This is especially relevant to the spine which appears to be the weak link in the chain in many tasks associated with injury.
To understand how stresses arise, it may be useful to consider a static geometrical model illustrating the forces arising from the effects of gravity; this gives a guide to the situation which obtains in a state of equilibrium. Additional forces must be applied to accelerate the load and the various parts of the body; and if the magnitude of initial acceleration is known a rough estimate can be made of the stresses induced at the start of the action. However, accelerative phases are of relatively short duration. Even when lifting weights of 40-50 kg it is unlikely to exceed 0 3 sec (Davis et al. 1965) , and the phase in which peak acceleration occurs is much less. Furthermore, the accelerative phase during lifting may be preceded by an increase in lumbar spinal flexion, so altering the mechanical conditions at a critical time.
Cine film of the action at work will give a general guide to the movements of the body, and of the magnitude of acceleration, though relatively high-speed filming is essential if enough observations are to be made for a full cinematic analysis of the critical phase. If additional anthropometric data, such as the masses of the segments of the body, are available the order of magnitude of the stresses can be estimated. For a fuller analysis the facilities of a laboratory will be needed so that the magnitude, duration and direction of the external forces produced by the subjects, and the reactions both to the external forces and to the movements of the body, can be studied. Even then it may not be possible to recognize all the components of the action which distinguish the skilled from the unskilled performer.
It can be assumed that the stresses induced in the body are markedly reduced by the acquisition of skill. One component of skill in manual handling is the ability to give the body monwztum and then transfer the momentum rapidly to the load. This is the principle underlying the technique for overturning a full oil drum. The pattern for such actions is for the body to acquire momentum relatively slowly, and then transfer it suddenly to the external object which is thereby jerked into motion. The transfer may involve relatively rapid stretching of some muscles: and for brief periods while being stretched the tension developed by the muscles may exceed the tension produced during maximal isometric tension by a factor of 2 or more (Arnott & Grieve 1969 , Grieve 1970 . In overturning the oil drum this probably applies to the muscles of the shoulder, and when lifting from a stooping posture, to the lumbar musculature and hip extensors.
The physical stress, expressed as the force per unit area or in a specific part, cannot readily be estimated even with comprehensive cine-analysis and precise measurement of the forces exerted across a whole section of the body. This problem exists, for example, when estimating spinal stresses from the forces that are known to be transmitted by the whole trunk. Electromyography of truncal muscles will give some indication of the time course of their activity. However, one physiological variable, the intra-abdominal pressure, is associated more closely with truncal stress.
The effect of increases in intra-abdominal pressure is to reduce the spinal stresses induced during extensor activities (Davis 1956 , Bartelink 1957 , Davis 1959 a, b, Morris et al. 1961 , Davis & Troup 1964 , the magnitude of the increase being proporional to the torque on the trunk during lifng and otheractivities (Davis, Whitney, Troup & Gear 1964, unpublished) . With this technique, it is possible to compare the physical stresses involve in different methods of performing a speific task (Davis & Troup 1966) , provided adequate numbers of subjects are studied.
T1ere are no easy technical solutions to the probelons of assessing physical stress at work. The chosen method will vary with the nature of the problems to be solved. Physical assessments begin with visual observations in t-he field and may be followed by recording the actions on film or, if spnal stresses are the point of interest, by measurements of intra-abdominal pressure. Comprehensive analyses of stress are only possible in a laboratory, and with the present knowledge and experience of the subject such analyses are esseanti;l to in*ate the most relevant observations to be made in the field and for the development of suitable methods of measurement.
